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1. Background 
From WIs “Additional MTC type enhancements for LTE” & “Additional enhancements for NB-IoT”, following is one of common objective. 
Connection to 5GC:

· Specify support for the following features [RAN2, RAN3]

· Support of extended DRX in CM-CONNECTED with RRC_INACTIVE (support of sleep cycles up to the NAS and SMS retransmission timers)

Note: Based on the outcome of RAN2/SA2 liaison exchanges, UP solution to be supported for connection to 5G-CN may be later updated. 

In this paper, we are going to discuss about access stratum changes required to support connected mode eDRX functionality for eMTC and NB-IoT connected to 5GC.
2. SA2 outcome on eDRX for CM-CONNECTED, RRC-INACTIVE state  
TR 23.724 recommends adoption of solution 38, alternative 3, on eDRX for CM_IDLE in 5GS.

There is some significant overlap between this feature and eDRX for idle mode, with the main differences as below:

Configuration for RRC_INACTIVE (Alternative 3): The UE requests idle mode eDRX parameters from the AMF. The AMF passes the UE's Accepted idle mode eDRX parameters to the RAN. If the UE supports eDRX in RRC inactive, the RAN configures the UE with an eDRX cycle in RRC-INACTIVE up to the value for the UE's idle mode eDRX cycle as provided by the AMF or up to the maximum value allowed based on the NAS (and SMS) retransmission timers (whichever is lower). The RAN buffers DL packets up to the duration of the eDRX cycle chosen by RAN.
Impacts on existing entities and interfaces (RAN side): These are similar to the above i.e. the AMF passes the UE's Accepted idle mode eDRX parameters to the RAN. The RAN configures the UE with an eDRX cycle up to the value for the UE's idle mode eDRX cycle as provided by the AMF or up to the maximum value allowed based on the NAS (and SMS) retransmission timers (whichever is lower). For CM-CONNECTED with RRC-INACTIVE, the RAN is assumed to be able to buffer DL packets for the duration of the eDRX cycle chosen by RAN.

Following text is taken from SA2 agreed CR S2-1901055 [3].

UE and NW negotiate the use of extended idle mode DRX as follows:

For extended DRX for CM-CONNECTED with RRC Inactive state, the AMF passes the UE's accepted idle mode eDRX cycle length value to NG-RAN. If the UE supports eDRX in RRC inactive, based on its UE radio capabilities, NG-RAN configures the UE with an eDRX cycle in RRC-INACTIVE up to the value for the UE's idle mode eDRX cycle as provided by the AMF in “RRC Inactive Assistance Information” as defined in clause 5.3.3.2.5 or up to X seconds (whichever is lower). 

Editor's note:
The exact value for X will be determined based on the NAS, SMS and service based interface retransmission timers based on feedback from CT and RAN WGs.

The RAN buffers DL packets up to the duration of the eDRX cycle chosen by NG-RAN.

3.1 Discussion: 

3.1.1 eDRX support in CM-CONNECTED/RRC-INACTIVE state for eMTC:

Based on above SA2 discussion, it is clear that when eMTC UE is transitioned into RRC_INACTIVE state through RRC Connection Release message, ng-eNB has to configure UE with both ran-Paging cycle and Paging Time Window (PTW). During PTW, UE monitors RAN and CN pages based on shortest of the ran-PagingCycle (if configured), the (UE specific) paging cycle (if indicated by upper layers), and the defaultPagingCycle included in the radioResourceConfigCommon. PH and PTW_start are calculated by eMTC UE and AMF (same as specified in 36.304 procedures
Observation 1. NG-RAN configures the eMTC UE with an eDRX cycle in RRC-INACTIVE up to the value for the eMTC UE's idle mode eDRX cycle as provided by the AMF in “RRC Inactive Assistance Information” or up to X seconds (whichever is lower & X is FFS).  
Observation 2. When eMTC UE is in RRC_INACTIVE state, UE monitors paging during PTW based on configured shortest of the ran-PagingCycle (if configured), the (UE specific) paging cycle (if indicated by upper layers), and the defaultPagingCycle included in the radioResourceConfigCommon.
Observation 3. PH and PTW_start values are calculated by eMTC UE and AMF (same as specified in 36.304 procedures for EPC)
Proposal 1.  For eMTC , Introduce new pagingTimeWindow IE in RRC Connection Release message to specify extended DRX operation in CM-CONNECTED, RRC_INACTIVE state and values are FFS.  

Proposal 2.   Introduce AS eMTC UE capability to indicate support for extended DRX operation in RRC_INACTIVE state.
3.1.1 eDRX support in CM-CONNECTED/RRC-CONNECTED state for eMTC and NB-IoT:

In case of EPC, connected mode eDRX supporting Long DRX cycles of 5.12 sec and 10.24 sec are supported and we think same is applicable when UE is connected to 5GC as well. In LS S2-1900978 [5], SA2 requested CT1 and CT4 to provide feedback which sleep cycles can be supported for extended DRX applied for CM-CONNECTED (for both RRC inactive and RRC connected) without impacting 5GC considering the retransmission timers for N1 NAS, SMS and service-based interfaces. CT1 provided following reply in [9].

The smallest NAS retransmission specified in 5GS for Rel-15 timer is 6s and it is associated with mobility management procedures at the AMF. For a UE in 5GMM-CONNECTED mode, extending the DRX cycle beyond 6s without extending NAS retransmission timers will lead to an increase in NAS message retransmissions. 

NAS messages are retransmitted 4 times before the procedure is considered to have failed i.e. the total time that elapses between the initial transmission and a procedure failure, for a NAS retransmission timer of 6s, is 30s. 

For UEs in 5GMM-CONNECTED mode with RRC inactive indication, the impacts of extending DRX are like those highlighted above for the case of 5GMM-CONNECTED mode, however additional delays can be expected due to the need to page the UE to resume the RRC connection and transition to 5GMM-CONNECTED mode. The exact time that is required to page the UE and resume a connection is best determined by RAN2.

Regarding the impact of extended DRX on SMS retransmissions, CT1 cannot provide feedback on this since the retransmission timers for SMS are implementation dependent. 

Although not motivated by extended DRX, CT1 would however like to inform SA2 that it can be expected that the 5GS NAS retransmission timers will be extended for CIoT devices in Rel-16, as was done for CIoT devices in EPS in Rel-13 (as an example, for UEs in NB-S1 mode, the EPS mobility management timers were extended by 240s, and the EPS session management timers were extended by 180s - see section 4.7 of TS 24.301). The extended 5G NAS timer values will be determined as part of the CT1 5G CIoT work. 

In CT1 LS reply, they did not clearly specify what are possible values of sleep cycles can be supported for extended DRX applied for CM-CONNECTED (for both RRC inactive and RRC connected) without impacting 5GC.

MAC-MainConfig -> eDRX-Config-CycleStartOffset-r13 IE can be used as common IE for both EPC and 5GC.
eDRX-Config-CycleStartOffset

Indicates longDRX-Cycle and drxStartOffset in TS 36.321 [6]. The value of longDRX-Cycle is in number of sub-frames. The value of drxStartOffset, in number of subframes, is indicated by the value of eDRX-Config-CycleStartOffset multiplied by 2560 plus the offset value configured in longDRX-CycleStartOffset. E-UTRAN only configures value setup when the value in longDRX-CycleStartOffset is sf2560.
Proposal 3.   RAN2 agree to support RRC_CONNECTED Mode eDRX supporting Long DRX cycles for both eMTC and NB-IoT connected to 5GC and actual values are FFS. 

Proposal 4.  For both eMTC and NB-IoT, RRC dedicated signalling configured eDRX-Config-CycleStartOffset IE used to indicate longDRX-Cycle and drxStartOffset can be used as common IE for both EPC and 5GC cases.

In order for eMTC UE to indicate its capability of supporting extended DRX cycle in RRC_CONNECTED mode & when UE is connected to 5GC, introduce extendedLongDRX-5GC for eMTC to indicate support of extended DRX cycles in connected mode. 
Proposal 5.   RAN2 agree to support connected mode eDRX as optional for eMTC devices connected to 5GC and Introduce new eMTC UE capability extendedLongDRX-5GC to indicate its capability of supporting extended DRX cycle in RRC_CONNECTED mode.

In case of NB-IoT/EPC, long C-DRX is mandatory and same can be followed in 5GC as well and no NB-IoT UE capability is required.

Proposal 6.   RAN2 agree to support connected mode eDRX as mandatory for NB-IoT devices connected to 5GC without any capability signalling need.
3. Conclusion

In this contribution, we discussed various proposals for supporting connected mode extended DRX feature for eMTC and NB-IoT connected to 5GC.
 Observation 1.
NG-RAN configures the eMTC UE with an eDRX cycle in RRC-INACTIVE up to the value for the eMTC UE's idle mode eDRX cycle as provided by the AMF in “RRC Inactive Assistance Information” or up to X seconds (whichever is lower & X is FFS).
Observation 2.
When eMTC UE is in RRC_INACTIVE state, UE monitors paging during PTW based on configured shortest of the ran-PagingCycle (if configured), the (UE specific) paging cycle (if indicated by upper layers), and the defaultPagingCycle included in the radioResourceConfigCommon.
Observation 3.
PH and PTW_start values are calculated by eMTC UE and AMF (same as specified in 36.304 procedures for EPC)

Proposal 1.
For eMTC , Introduce new pagingTimeWindow IE in RRC Connection Release message to specify extended DRX operation in CM-CONNECTED, RRC_INACTIVE state and values are FFS.
Proposal 2.
Introduce AS eMTC UE capability to indicate support for extended DRX operation in RRC_INACTIVE state.
Proposal 3.
RAN2 agree to support RRC_CONNECTED Mode eDRX supporting Long DRX cycles for both eMTC and NB-IoT connected to 5GC and actual values are FFS.
Proposal 4.
For both eMTC and NB-IoT, RRC dedicated signalling configured eDRX-Config-CycleStartOffset IE used to indicate longDRX-Cycle and drxStartOffset can be used as common IE for both EPC and 5GC cases.
Proposal 5.
RAN2 agree to support connected mode eDRX as optional for eMTC devices connected to 5GC and Introduce new eMTC UE capability extendedLongDRX-5GC to indicate its capability of supporting extended DRX cycle in RRC_CONNECTED mode.
Proposal 6.
RAN2 agree to support connected mode eDRX as mandatory for NB-IoT devices connected to 5GC without any capability signalling need.
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